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WIND-TUNNEL INVESTIGATION OF ICING OF AN ENGINE
COOLING-FAN INSTALLATION

By James P, lewis

SUMMARY

An investlgation was made of the icing characteristics and
means of ice protection of a typlcal radilal-engine cooling-fan
installation. The investigatlion was made at various lcing and
verformance conditions in the ilcing research tunnel of the NACA
Cleveland laboratory.

The icing of the unprotected cooling-fan installstlon was
found to present & serlous operational problem. Reduction in ailr
flow below the minimum value reguired for engine coocling occurred
within 2 minutes and complete stoppage of the cooling-sir flow
through the fan assembly occurved in as 1llttle as S minutes under
normsl icing conditions,

Steam de-iclng was found to be effective for the cowling lip
and inlst duct, Alcohol de-icing of the fan blades and stator
vanes was found to be unsatisfactory. Electrical heat de-icing
of the fan blades was found to be effective but de-lcing of the
stator vanes was not completely effective at the power densities
investigated, )

INTRODUCTION

Inadequate engins cooling at high gross weights necessitated
the use of engine cooling fans on a largs twin-engine sirplane,
Because of the expected loss in cooling-air flow under icing con-
ditions, an investigation of the de-icing of a typical radilal-
engine cooling fan was deemed advisable, The trend toward the
use of sngline ccoling fans on large high-performance alrcraft
makes such an investigation of general interest.
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An investigation to determine the icing characteristlcs of the
fan-asgembly components, to evaluate the effect of icing on fan
periormance at varlovs icing and fan-performance conditions, and to
investigate and evaluate the effectiveness of gaveral systems of lce
protection of the cooling-fan assermbly was conducted In the icing
ressarch tunnel of the FKACA Clevsland labceiatory.

ATPPARATUS

The Invesbigatlion was conducted in the diffuser section of the
icing research tunnel. The cooling-fan assembly was mounted on the
modified nose section of an alrplane fuselage lmstalled in the tun-
nel. The installation consisted af a typlecal propeller-speed engine
cooling fan, a stator-vane and diffuser asssmbly, s baffle nlate
located in a constant-arca annular duct dcwnstreanm of the fan to
gimulate the »ressure drop across the engins, .a standard radial-
engine cowling, a three-bisde propeller and spinner, and necessary
instrumentation, (3Jee fig. 1.)

Coollng fan, - The cocling-fan aseembly was designed to be
mounted at the front face of a radisl engine and enclosed by the
engine cowling wrth the fan rotor attached to the rear of the pro-
peller hub and the stator-vane assembly attached to the resductlon-
gear housing. The front falring of the fen disk was of-the "dish-
pan" type with a large fourward bulge at the outer diameter of the
dighnan. The fan had 72 cambered sheet-metal blades with a tip
diamster of 435 incues and a tip clearance of three-sixteernths inch.
Ae part of the coolinn-fan asseémbly, 49 cembered sheet-metal stator
vanes were located behind the fan to remove the rotational compo-
nent of the flow. A clearance of seven-eighthe lnch existed between
the fan blades and stator vanes. (See fig. 1.)

Instrumentation. - Total pressure in front of the fan and total
and static nressure behind the stator vanes were measured bty
aregsure-tube rakes (£ig. 2). Four equally spaced rales df shielded
total~pressure tubes were located at the lip of the engine cowling
between the fan and prapeller. These rakes were unheated because of
the extreme difficulbty in heating emall shieldsad total-pressure tubes
and hence were used only on nonicing pressure-distrlbution studies.
Electrically heated ralles consimting of four total-pressure tuvbes
and one static-pressixre tube were instslled behind the stator wvanses
at four equally snaced positions corresponding to the vositions of
the front rakes, In addition, static pressures wers rieas:red on
the inner wall of the diffuser in the plane of the rear rakes. ALl
the pregsures were Iindicated on a multiple-tube manometer and were
whotographlcally recorded.
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The tunnel ambient-air temperasture was messured by two shieldad
thermocouples located approximately 15 feet downstrecem of the cool-
ing fan., The tunnel alr veloclty was determined from the setatic-
Pressure drop through the contractlon section of the tunnel, The
bropeller and engine oporating conditions vere indicated by stand-
ard aircraft instruments located on the control desk. A battery of
four stroboscopic flash lampe permitted observations of the fan
while cperating.

Steam-heat installation, - In order to investigate the elimi-
nation of ice on the engine-cowling lip and the consequent scraping
of the fan-blade tips, one steam linc with Jets 0.10-inch in diam-
eter and spaced 1/2 inch apert was placed 1nside the cowling lip
and another wag located outside the inlet duct 2 inches behind the
first line (fig. 3), Thess lines were of 3/8—1nch copper tubling
and extended approximstely 4CP on each side of the center line in
the lower half of the cowling. Steam heating wsg confined to the
lower guarter of the cowling because of time limitations and also
to provide an unheated area for comparison,

Alcohol de-icing installation., - In the investigation of the
use of isopropyl alcohol for de-icing, spray nozzle bars were
mounted radially in front of the fan Blades and also between the
fan blades and the stator vanes (fig. 4). The spray nozzle bars,
congleting of tubes having six emall jJets sach 0.070 inch in diam-~
eter, were mounted to epray the alcohol forward in an attempt to
obtain a good spray dispersion and at the seme time to keep the
spray tubes de-iced, For the first installation a single nozzle
bar was mounted horizontally in front of the fan blades and one
in & corresponding position wes mounted at the leading edge of the
stator vanes, For the socond instslliation two spray nozzle bars
located approximately 45° apart werzs similarly mounted in front of
the fan bledes and two spray nozzle bers wers also mcunted at the
lesding edge of the stator vanes. This second configuration was
used to obtain & greater coverage of alcohol on the stator vanes
and to accommodate greater flows, A variable-control alcchol
pump provided fliow rates up to 2.3 pounds per minute.

Electrical-heat de-icing installation. -~ The usc of electric
heaters for de-icing wae confined to the fan blades and stator
veneg, as shown in flgure 5, Becausc of the large number of blades
and the antlcipated large power requirements, only a few of the
blades were so heated., The blade heaters were asimilar ta propellsr-
blade de-icing heaters and consisted of parallel chordwise
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electrical resistance wires enclosed between two layers of neoprene
cemented to cover the entire chord of both hlade faces. Because the
heaters were rectangular, they did not fully protect the inner ends
of the fan-bplede leading edges, Heaters were applled to twelve of
the 72 fan blades, arranged in two groups of six consecutive blades
diemetrically opposlte and to six consecutive stator vanes. The
heated area on sach fan blade was 21.3 square inches with a resist-
ance of 12 ohms per blade; the heated sres cn a stator vanse was

39 sguare inches with a resistance of 16 ohms per vane.

The power density of the heaters was uniform., The twelve
heaters on the fan blades were comnected in series in one circuit
and the six heaters on the stastor vanes were also series-conunected
in a second circuit, Power to the blade heaters was metered
through a variable resistance and transmitied to the fan through
a sllp ring mounted on the propeller hub behind the fan, An elec-
tronic cyele timer permittod the cyclical application of power ta
the blade heaters,

CONDITIONS AND PROCEDURE

The investigation was conducted in three parts to determine:
(1) fan performance in clear air, (2) effect of icing on fan per-
formance, and (3) effectiveness of seversl iocing protection systems.

Speed and performance conditions., - The investigation was medo
at fan speeds and airspseds corresponding to rated power, cruise
power, and rated-powsr climb conditions of the airplane for which
this particular fen wes designed., Because of the slow response of
the available propeller governor, the entire program waes mede in
fixed propeller plich with manusl throttle speed control, The tun-
nel alrspeeds were the highest that could be obtained in the dif-
Tuser section of the icing research tunnel but in some cases were
glightly lees than the correstonding flight airspeeds., In addition,
it was impossible to maintein a constent slrspeed for all icing
conditiong becauvse of icing of the tunnel. Baffle plates of three
different slzes wers used to obtain the required pressure drop and
cooling-air flow for each of- the power conditione tested, The air-
plane thrust axls was at an angle of attack of OO for the oentire-
inveptigation. )

Calibration of tunnel-icing conditions. - The icing condltions
were defined by the amblent-alr temperature and liquid-water content
of the alr., Figure 6 presents the variation of liquid-water content
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with alr temperature at the face of the cooling fan as determined by
a survey conducted in the diffuser section of the icing research
tunnel and & comparizon of these conditions with the valuss rec~ .
omuended by the NACA Subcommittee on De-Icing Problems and by the
Mt, Washington Weather Bureau meeting on Juna_1l9, 1945. The sub-
conmittes values are one-half of -the recommended maximvm velues gnd
are for average or typical icing, Vertical cylinders rotating

about their axes were installed in the diffuser section and, from
measurements of the local veloclity and the ice accumulation per

unit time on these cylinders, the average liquid-water content In
gramsg per cubic meter for zach condition cf tunnsl air velocity,
amblent-air temperature, and spray-water input pressure was computed
by the method of Langmuir of the Gensral Electric Company. Droplst
slze was also measursd but no couslistent correlation with sir tem-
perature was obtained. An average droplet slze of 55 microns was
obtained in the icing research tunnel for the range of alr tempera-
ture of 0° to 320 F as compared with the reccmmended averages of

10 and 30 microns, respectively, &t theee temperatures. Thls vay- .
iatlon In droplet slze was not conaidered important, however,
because ths collection efficiency of emall objects such as the thin
fan blades and stator vamse is known to be very close to 100 perceant.
Although the liguid-water concentraticns are slightly less then the
recormended values for most of the temperature range, the experi-
mental values ars nevertheless yepresentative of moderate-~to~light
icing conditions encountered in the United States. This survey was
made approximstely 3 months before the cooling-fan investigatiaon.
Although time limitations prevented any extensive checks of the
liquid-water ccntent and dletribution, visual observations of the
spray cloud and icing of the installation and tunnel, together with
readings of sprey-water input pressures, indicated that the icing
conditlons were fairly constant and in fairly close agreement with
the indicated valuea for the cooling-fan investigation. A velocity
suxvey mede after this investigation indicated; howevor, that the
icing of the contraction section of the tunnel resulted in an
increase in the thickness of the tunnel boundary layer with a cor-
responding increase in the veloclty at the center of the twnnel,

In sddition to the ckange in velocity distribution, this increase

in boundary layer algso caused acme changes in liquid-water content
and distribution. i

Clear-air calibraticn of fan. -~ Because of the difficulty of
heating the shielded total-pressure tubes in front of the fan during
the lcing investigation, a calibration was made under nonicing con-
ditions to determine the wvariation in air-flow total preasure at the
fan inlet with tunnsl sirspeed, fan speed, and baffle pressure drop,.
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Subssquent icing studies were then made witkhout the fan-inlet total-
sressure tubes, As indicated in the diescussion of the tunnel-icing
calibration, the icing of the tunnel thicat caused a chenge in the
alr flow at the Tace of the fan and bence the calibrated values of
Inlet total presaure were somowhst differsnt from those that aobtually
occurred under icing conditiona. From subdseqvent meeswements, it

lg estimated, however, that the variation in total pressure wlth
loing in the area of the cooling fen was not more than 3 percent,
which would result in an exror of 15 to 20 percent in the measured
progsure differential throuvgh the fan.

Toing., - The gensral procedure for tha icing investigatlon was
as followe: After stabilizing the air temperature, tunnsl airspeed,
end fan speed at the desired condlticns, the iclng spray was started.
All data were recorxrded at l-minute Intervals and visusl observations
of the lcing wers contlinuously made uelng the gtroboscoplc right .
system. The length of each ioclng experiment was determined by the
severlty of the icing of the cooling-fan asgembly and the drop-~off
in the tunnel-air velocity due Lo icing. Upon completion of each
exporiment, photographs were taken of the residual ice formation on
the component parts of the fan assembly. A sumary of the condltioms
Tor the iclng Investigation 1s given in table I. The conditions of
alr temperature, liquid-water content, fan speed, and tunnsl alrspeod
are mean values.

Steam heating. - The procedure for the investigatlion using
steam Jets in the cowling 1lip was much the s=me as for icing. The
offectiveness of bhoth ice prevention and de-icing was investigated.
In the first case, the steam and icing sprays werc turned an at the
samo time and the effectiveness of ice prevention in the heated area
was noted, During de-lcing the fan assombly was allowed to ice for
5 minutes before applicatiomn of the steam. The first configuretion
utilized & single steam line at the outside of the inlet dnct and
the socond had an additional steam line inside the cowling lip, The
steam-heating conditions were: tuunel alrepeed, 214 fect pér second;
alr temperature, 14° F; liquid-water content, 0.5 gram per cubic
meter; fan speed, 900 rpm; iclng time, 5 minutea; steam pressure,

3 pounds per squarc inch,

Alcohol de-1cing, - For alcohol ds-ioing protectiorn, the lcing
sprays and alcohol sprays were gtarted simultsnecusly and the
alcohol was turned off 30 seconds after the icing sprays. The
investigation was made under various icing and performance conditlons
Tfor different alcohol flows and spray canfigurations, Boccause only
e part—of the stator blades were des-iced, no pressurs mweasurcments
were made. A summery of the conditions is given in table II,

i
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Electrical-heat de~icing. - With the ‘electric blade heaters,
only cyclical de-icing was investigated with heat-on and heat-off .
periods of 30 seconds, Because of the anticipated large power
requlrements and the limitatione of preeent alrcreft generators,
cyclical heating seemed to be the most practical method of elec-
trical heating for Investigation in the limited time available.
With cyclicel heating, meveral groups of blades can be succesaively
heated and the generator capacity is considerably less tbhan when
simultanecusly heating all the blades, No pressure measurements
were mede because only & few of the bladss were heated. The icing
sprays and heat were simulteneously started. A summary of the con-
ditions for this lnvestigation is given in table IIT,

C

RESULTS AND DISCUSSION -

The results of the lnvestigation are presented in terms of the
fan-performance coefficienta Cp and Cq and by photographs of

icing and de-icing. The fan-pressure coefficilent is defined as.

Cp = AP and the alr-flow coefliclent as CQ = ~9§

&(x na)?
whete
d fen-tip diameter, feet
n fan speed, rps

AP  pressure rise through fan aesembly (Pz - Pl), pounds per
square foot )

P, total pressure at front of fan, pounds per square foot

Py total pressure at rear of fan assembly, pounds per square
foot .

Q cooling-air flow, cubic fest per second

o) coollng-air mass denslity, slugs per cubic foot
Icing. - Photographe ahowing typical icing of the fan assembly

at the conditions tested are shown in figures 7 to 12, The effects

of lcing on fan perfcimance are shown in Tlgures 17 and 14 where
the ratios of the air rlow and fan pressure of the iced fen to thab
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C .
of the fan hefore lcing & and ~E§., respectively, are plotted

Cq,0 Cp,0

H J

against lcing time, Although insufficlent data were available to
compare the effects of icing at all lcing snd performance conditions,
the results shown in figures 13 ard 14 are.complete enough to dafine
the effects of icing on fan performance throughout the normal rangs
of lcing and performance conditions, The minimm ailr flow required
for adequate engine cooling is indicated in figure 13 aa computed
fram data supplied by the enginse manufacturer.

The only condlition at which the air-flow coefficlent ratio dld
not markedly decrease was at an air temperaturs of 2° F, liquid~-
water content of 0.2 gram per ctbic metor, and fan speed of 872 rmm
(fig, 13). Photographs of icing et these corditions (fig. 7) show
only a negligible ice bulld-up on both the fan blades and stator
vanos. At 16° F, 0.5—gram per cubic meter, and 897 rim, the alr-
flow coefficient ratio decreased, approaching the minimm reguired
value in .5 minutes; wkereas at 14° P, 0.5 gram per cubic meter, and
1C60 rpm the Flow-coefficlent ratio foll to the minimum required

value in 33 ninutes, contlnued to decrease, and reached a falrly

gtable value after 6 minutes, Photographs of typical icing at these
two conditions (figs. 8 and 9) show relatively light icing of the
stator vanes at both speeds with most of the ice on the leading edge
and concave face of the fan blades and extremely large formatlons at
the higher fan speed. AL zpproximately the same fan speeds, as the
experiments at 897 and 1060 rpm, and at 23° F, and 0.9 gram per
cubic meter, the cooling-air-flow cooffliclent fell off sharply,
reaching the minimm required value In 2 to 3 minutes, and continued
to decline with a complete stoppege of the flow occurring In 5 to

6 minutes, Fhotographs of typical icing at theee conditions

(figs. 10 end 11) eghow relatively-1little ice on the fan blades with
the stator vanes completely blocked by very heavy formations.

The variation in the pressure~coefficlent ratic at the sanme
speed and icing conditions (fig. 14) exhibited eimilar trends. At~
14° and 16° F (figs. 8, 9, and 14), the decrease in pressure cceffi-
clent was primarily due to icing of tke fan blades.

Although no jorformance data were obtained at-17° F and
0.7 gram per cubic metor, visual obeervations revealed serious
icivng at this condition, As shown by the photographs in figure 12,
hoeavy icing of the fan blades was obtalned with medium formations
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on the thrust face and leading edge of the -stator vanss.” At one .
time during this run, stroboscopic observations showéd the fan
blades to be fully bridged over but much of this ice was later
thrown off.

In addition to the fan and stator blades, several other com- ~
ponents of the fan assembly were subject to icing. -As shown in the
icing photographs, the fan-disk dlshpan aecumulated ice in varying
degreess, For most conditions, this icing was fairly light, never.
exceeding three-eighths Inch 1n thickness. With the excepiion of
runs at an air temperature below 5C F, this ice was periodically
thrown off in irregular patterns. Although the dishpan is of small
diameter, this irregular throw-off of ice could contribute to pro-
peller unbalance in lcing conditions pariticularly at higher fan
speeds, " Heavy lcing of the engine cowling lip and the inlet duct
at the fan-blade tips was obtained at several icing conditions )
(figs. 10 and 11), Icing of the dishpan, cowling lip, and inlet
duct had no noticeable effect on the. fan performance.

Steam-heat de-icing. - The resulte of a brief gqualitative
investigation of the use of steam for de-iding the cowling lip and
inlet duct are shown in figure 15. TFigure 15(a) shows the results
of de-icing with a single steam line placed outaids the inlet duct
at the tip of the fan blades. The heated area started to throw

‘off 1ce 50 dgeconds after the stoam was turned on and all the ice

was removed within 2 minutes-with the heated area remaining clear
thereafter. In a delayed de-icing run with the same configuration,
steam was turned on after 5 minutes of ‘icing and the ice in the
heated area was thrown off within 30 seconds.: With the double steam
line installed (fig. 15(b)), a slightly greater area including the
lip of the engine cowling was.de-iced in the ssme time, From these
resulis, it appsars that the de- icing of these areas by means of .

hot gases 1s entirely feasible, -

Alcohol de-icing. - The results of the use of alcohol sprays
are shown in flgurea 16 to 20. At an alcohol fl&w of 0.5 pound
por minute and with the Initial spray configurations, fairly good
de-lcing of the fan blades was obtained at an air temperature of
139 F and ligquid-water content of 0.4 gram per cubic reter (fig. 16).
A fairly bheavy accumnlation of slush was retained, however, on
geveral stator vanes that were concave upward., At a- higher air
temperature and wator content and with the same alcohol flow
(fig. 17), the fan blades were only partly de-iced and all the
stator vanes were partly blocked by similar deposits of slush.

Wihen the alcohol flow was increased to 1.2 pounds per minute at
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aporoximately the mame icing and speed conditions and with the sec-
ond spray configuration, no improvement in de-icing was apparent
(fig. 18). Although the convex face of the fan blades was almost.
completely clear of ice, heavy deposits of glush were as much as
three-fourths inch thick at the concave-face trailing edge, The
gtator vanes agein had large formations of wet ice and were approx-
imately .50-percent blocked, At a medium icing condition (air tom-
peratuve, .14° ¥ and ligquid-water content, 0.5 gram/cu m) and an
alcohol flow of 1,5 pounds per ‘minute, the fan blades wore almost - -
fully de-iced. (See fig. 19.) _Mﬁdium formations of wet ice were )
found on the stator vanes immediately behind the spray tubes and

only a thin coating of ice was found on tho rest-of the stator

blades, When the alcohol flow was increased to 2.3 pounds per min-

ute, the fan blades were again almost completely de-iced (fig. 20).

Large deposits accumulated, however, on all the stator vanes. As

shown by the photographs of all the alcohol de-icing (figs. 16 to 20),

the alcohol-diluted ice thrown off the fan hlades impinged on tho

gtator vanes where 1t remained and refroze. For all conditions,

configurations, and flows inveatigated, the use of alcohol ag a

de-icing agent proved ineffectivs becausge of the marginal de-icing

of the fan blades and the large ice deposits obtained on the stator

vanes, It is ostimated that no practical amount of alcohol would

satisfactorily preserve fan performances wmder all icing conditlons,

Electrical heat de-icing, - Photograrhs showing the results of
the use of electric blade heaters are presented in figurcs 21 to 25.
Ag only a few of the fan blades and stator vanes were heated, no
fan-poerformence data were obtained, With an alr temperature of
15° F, liguid-water content of 0,5 gram per cubic meter, fan speed
of 954 rpm, and & power density of 5 watte per square inch, fairly
complete de-icing of the heated fan bledes resulted. (Soe fig. 21.)
The small amount of ice at the rcot of the leading edge was caused
by ice bridging over from an unhested part of the blade., It should
be noted that the group of heated fan blades behind propeller
blade 1 were partly shiclded from icing by the blade ghank, The
de-icing of the stator vanes was only marginasl with rough ilce build-
ing up near the trailing odge. When the power density was increaseod
to 6 watts per square inch (fig. 22), some improvoment in the de-icing
of the stator vanes resulted bubt rough ico still collected at the o
trailing edge. At a higher tompersture and liguid-water content
(fig. 23), complete de-icing of the heated fan blades was obtained
after 5 minutes of icing. Tho de-icing of the stator vanes was sgein
marginal, The effects of clecirical heating at two icing conditions,
each of 10-minute duration, are shown in figures 24 and 25. Both

19
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experiments were made at power densitles of 6 watis per square inch
with the fan blades slmost completely de~iced, At the lower tem-
peraturs, the de-icing of the stator vanes was marginal end at the
higher temperature ard liquid-water content, the de-icing of the
stator vanes was complstely inefrective,

The investigstion of the use of blade heaters ot other power
denesities, heat-cn and cycie timss was pravented by elecirical
failures and time limitatione: The electrical heet de-lcing tests
indicated that 6 watts per squars inch should be the minimm power
density for the fan blades. From obgervations of the ice throw-off
time, 1t is estimated that the hest-on time for the fan blades might
be slightly reduced. Continuous anti-icing woulé probably provide
the best means of protsction for the stator vanss. The accumulation
of rough ice at the trailing edge of the stetor vanes indicates the
occurrence of runback caused by the melted ice flcwing toward tho
rear of the vanes and then refreezing during the heat-off period.
Power requirements for the stator vaises may be even higher than
indicated by this investigation as only one sixth of the fan blades
were heated, thus reducing tho amount of ice that would be caught
by the stator vaneg with full protection of the fan blades. Power
economies might be affected by increasing the cycle time for the
whole assembly but the icing runs indicate that a heat-off time of
more than 2 minutes would result in a sérious loss in fan psrform-
ance For the range of icing oconditions investigated.

SUMMARY OF RESULTS

The results of an icing investigation of a conventional radial-
enzine cooling-fan installstion in the lcing research tunnel indicate
that:

1, The icing of the unprotected installation presents a serious
orerational protlem. Reduction in air flow below the minimum valuse
required for adequate engine cooling occurred within 2 minutes and
complete stoppage of the cooling-alr flow through the fan assembly
occurred within 5 minutes under normal icing conditlons.

2. Steam de-icing of the cowling lip and Inlet duct showed the
feasibility of hot gas de-icing for thie portion of the assembly,

3. Alcohol de-~icing of the fan proved to be ineffective and,
in some cases, increased the icing problem by causing large forma-
tions on the stator vanses,
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4, Electrical beat de-icing wes the most promising method of
de-icing the blades., The fan bledes required a minimum power density
of 6 wattes per square inch but for the stator vanes this power
denseity proved Iinsufficlent,

Alrcraft Engine Reseerch Laboratory,
National Advisory Committee for Aeronasutics,
Cleveland, Ohio, Fsbruary 10, 13947.
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TABLE I - CONDITIONS FOR ICING INVESTIGATION

OF AN ENGINE COOLING FAN

Tunnel|Tunnel |(Fen jNominal Liquid-~|Icing
gir- jeir gpeed |cooling-air|water time
Figure|speed |temper-|(rpm)|flow content| (min)
(ft/ |ature (cu Ft/min) |(gram/
sec) (°F) cu m)
7 210 2 872 54,000 0.3 5
8 220 18 897 22,000 .5 5
9 217 14 1060 30,000 «5 10
10 22z 23 872 21,000 .9 5
11 222 23 [1065 22,000 .9 T
. 12 213 17 872 22,000 .7 5
~ e 214 13 874 © 21,000 .4 5
------ 220 14 905 20,000 .5 5
------ 220 is 917 23,000 .5 5
- e 220 17 892 20,000 .6 5
------ 217 25 852 23,000 1.0 5
------ 219 26 872 22,000 1,1 5

Nationsl Advisory Committese
for Aesronautics

LT
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TABLE II -~ CONDITIONS FOR AI.COEOL IE~ICING INVESTIGATION

OF AN ENGINE COOLING FAN

Twrmel [Tunnel {Fan [Nowminal (Liquid-|Icing{Alcohol
air- tair speed |cooling- |water [time |flow
Figure |speed |temper-|(rpm)|air flow|{content|(min)|(1lb/min)
(£t/ lature (ou £t/ |{gram
g8ec) (°F) min) cu m)
16 - | 218.5 13 895 23,000 0.4 S 0.5
17 217 25 875 2%,000 1,0 S )
18 21lg 24 950 | 23,000 1.0 5 l.2
19 218.5 14 952 23,000 D 5 1.5
20 7| 218.5 13 950 23,000 s 5 2.3

TABIE IIL - CONDITIONS FOR EIECTRICAL-HEAT TE-ICING

INVESTIGATION OF AN ENGINE COOLING FAN

Tumnel| Tunnsl |Fan . |[Liquid- |Icing{Power |Heat~|Cycle|Nominal
Fig- |alr- jalr. gpeed|water [time {densitylon time |coocling-
ure |8peed |temper-|(rpm)icontent!(min) (watt/ |time |(sec)|air flow
(ft/ |ature (gran/ 8q in.){(sec) (cu £t/
sec) (°F) cu m) min)
21 218 15 954 0.5 5 5 30 60 23,000
22 218 16 950 .6 S & 30 60 23,000
23 221 28 250 1.2 5 6 30 60 23,000
24 216 14 950 D 10 6 30 60 23,000
25 221 a2 952 1,0 10 6 30 60 23,000

Natlonal Advisory Committes
for Aeronaubtics
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piffuser section

Spray ring

ooling-fan
installation

6-by 9-foot section

contraction section

ta) Ccooling-fan instaltation in icing research tunnel.

- NATIONAL ADVISORY
COMMITVEE FOR AEROMAUTICS

pi ffuser and
stator vanes

Annular duct :
2—Engine cowling

Baffle plate

§/~Cooling fan

E,»—Dishpan

Spinner

//p—Propeller

{b) Details of installation.

Figure |. - Engine cooling—fan installation.
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Front rakes
-—Rea:r rakes

Stator vesnes Fan blades

Front view view B-8

Static-pressure
tube

Heated »pr

B

~\\\——shielded total-

pressure rake

\—static—pressure . NATJONAL ADVISORY
tap COMMITTEE FOR AERONAUTICS
View A-A
Figure 2. - Location of pressure-tube rakes in cooling-"fan

installation.
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Steam lines

400

Front view

Steam sprays

NATIONAL ADYISORY
COMMITTEE FOR AERONAUTICS

View A-A

Figure 3. - Location of steam lines in cooling-fan
installation.
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First spray-nozzle- Second gpray-nozzle-
bar installation bar installation

Front view

MAT 1ONAL ADV ISORY
COMMITTEE FOR AERONAUTICS

view A-A

Figure 4. - Location of alcohol spray nozzle bars in cooling-
fan installation.
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Figure b,

(b}

(a) Heaters oﬁ fan blades.

. NACA
Heaters on stator vanes. c-17144

11-7-46_
Electric blade heaters in cooling-fan

installation. ’
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NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 6., — Comparison of liquid-water content in icing research tunnel with
recommended values.
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NACA TN No. 1246 Fig. I3

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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: temperature content speed
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Figure -13, - Reduction in cooling-air-flow coeffieient ratio for various
icing and fan-speed conditions for investigation of cooling-fan
installation.
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Figure 14, - Reduction in fanepressure coefficlent ratio for various
icing and fan~speed conditions for investigation of cooling-fan
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{a) Close-up showing de-icing with single steam line. Air
temperature, 13° F; liquid-water content, 0.4 gram per
cubic meter; fan speed, 874 rpm.

b

NACA
C-17145
11-7-46

(b) Close~up §Héw{hg de-icing with double steam line. Air
temperature, 16° F; liquid-water content, 0.5 gram per
cubic meter; fan speed, 917 rpm. .

Figure 15. -~ views showing effect of steam-heat de-icing
of cowling and inlet duct in cooling-fan installation
after 5 minutes of icing.
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